High levels of antileishmanial immunoglobulin E (IgE) antibodies are associated with disease activity in visceral leishmaniasis. Herein, we report our observations about the relationship between antileishmanial IgE antibodies and clinical aspects of cutaneous leishmaniasis. This study was carried out with 45 patients (29 male and 16 female), with ages ranging from 11 to 48 years. All subjects were from an area to which leishmaniasis is endemic, Corte de Pedra (Bahia, Brazil), and the duration of the illness was <30 days. The patients were classified as positive or negative for IgE serology in enzyme-linked immunosorbent assay with leishmanial antigens. IgE antibodies were detected in 18 patients (optical density, 0.421 ؎ 0.30; 95% confidence interval, 0.27 to 0.57), and only 3 (17%) had more than one ulcer. In this group the diameter of Montenegro's reaction was 18 ؎ 12.2 mm. In the group with negative IgE serology, 11 of 27 patients (48%) presented two or more cutaneous ulcers, and the mean of the skin test result was 9 ؎ 6.9 mm. There was a positive correlation between IgE antibody levels and Montenegro's reaction size and an inverse correlation between IgE antileishmanial antibodies and the number of skin ulcers. The presence of antileishmanial IgE antibodies in cutaneous leishmaniasis may be a result of immunoregulatory events with clinical implications.
Leishmaniasis encompasses diseases resulting from an infection by a protozoan of the Leishmania genus, which presents different clinical forms related to both parasite species and host immune response (8, 20) . In an experimental murine model, resistance to the infection by the protozoan depends on the Th1-type immune response, documented by gamma interferon (IFN-␥) production, while susceptibility is related to the Th2 immune response, characterized mainly by interleukin 4 (IL-4), IL-10, and IL-13 specific induction (13, 15) .
Human visceral leishmaniasis (VL) has been well characterized by a Th2 immune pattern, demonstrated by significant depression in cellular immunity, failure to produce such proinflammatory cytokines as IFN-␥ and IL-2, increased IL-4, IL-5, and IL-10 production, polyclonal B-cell activation, and hypergammaglobulinemia (4, 5, 7, 12, 14, 29) . More recently, levels of serum immunoglobulin E (IgE) and antileishmanial IgE antibodies have been documented in VL. Additionally, antileishmanial IgE antibodies are serum markers of disease activity, since they are not documented in individuals with subclinical infection and their titers fall after effective treatment with antimonial drugs (2) .
Human cutaneous leishmaniasis (CL) caused in South American by L. braziliensis is characterized by the presence of one or multiple skin ulcers. Unlike the case with VL, patients with CL have a strong Th1 immune response, evidenced by a positive type IV hypersensitivity skin reaction and high IFN-␥ production by peripheral blood mononuclear cells stimulated ex vivo by leishmanial antigens (6, 9) . Nevertheless, evidence of a Th2 immune response has been reported with this disease, as high levels of serum IgE and mRNA for IL-4, IL-5, and IL-10 in skin biopsies of leishmanial ulcers (3, 11, 19, 21, 23) . In this work we evaluated the occurrence of IgE antibodies to leishmanial antigens in sera from CL patients and looked for a relationship between the presence of this isotype of antibody and the following parameters: clinical features, positivity in skin Montenegro test, and therapeutic response to conventional chemotherapy with a pentavalent antimonial.
MATERIALS AND METHODS
Patients. Participants of this study (n ϭ 45) were recruited from the area of endemicity of Corte de Pedra located in the state of Bahia, Brazil's northeastern coast. The diagnosis criteria included the presence of a typical leishmanial skin ulcer and one of the following: detection of the protozoan in culture or in histological slides or a positive leishmania intradermal skin test. In all cases, the illness duration was equal to or less than 30 days and there was no previous history of leishmania infection or previous use of antimonial therapy. Cure was defined as complete cicatrization of the skin ulcer at day 90 after therapy.
Collection of sera. Sera samples were obtained from blood collected before pentavalent antimonial chemotherapy and immediately after clinical cure. Patients for whom the antimonial therapy failed had blood drawn at day 90 or at 6 months.
Leishmania antigen. Promastigote forms of L. amazonensis grown in liquid liver infusion tryptose medium, supplemented with 10% fetal calf serum and antibiotics as usual, were thrice washed with phosphate-buffered saline (pH 7.4) and disrupted with 6 mM 3-[(3-cholamidopropyl)-dimethylammonio]-1-propanesulfonate in 50 mM Tris buffer containing 150 mM NaCl and protease inhibitors (phenylmethylsulfonyl fluoride, leupeptin, tosylsulfonyl phenylalanyl chloromethyl ketone, and pepstatin). The supernatant obtained after centrifugation of the lysate at 5,000 ϫ g was used as the leishmanial antigen source.
IgE antileishmanial antibodies. Enzyme-linked immunosorbent assay (ELISA) tests for serum IgE antileishmanial antibodies were carried out in wells of micro-ELISA Maxisorp plates (Nunc, Roskilder, Denmark) sensitized with 100 l of phosphate-buffered saline containing 500 ng of lysate protein, overnight at 4°C. After the wells were washed with Tris-buffered saline (20 mM Tris-HCl, 500 mM NaCl [pH 7.5]) (TBS), their unbound sites were blocked with 1% bovine serum albumin in TBS (TBS-bovine serum albumin [BSA]) at 37°C for 1 h. The plates were subsequently washed with TBS and deionized water, and after drying at 37°C they were used in the ELISA. In order to detect IgE antibodies, 100 l of the sera diluted 1/6 in TBS-BSA were incubated in the wells for 22 h at 4°C. The wells were thrice washed with TBS containing 0.05% Tween 20 (TBS-T) and submitted to a new incubation with 100 l of goat anti-human IgE alkaline phosphatase conjugate (Sigma Chemical Co., St. Louis, Mo.) diluted 1/2,500 in TBS-BSA, for 1 h at 22 to 25°C. Next, the plates were washed again with TBS-T, and the reactions were revealed with 100 l of p-nitrophenylphosphate solution in diethanolamine buffer as usual, for 30 min at room temperature. The absorbances of the products of the enzymatic reactions in the wells were determined at 405 to 600 nm after blockage with 25 l of 0.5 N NaOH, using a DIAMEDIX Microassay BP 12 apparatus. The cutoff of this IgE ELISA, corresponding to the absorbance of 0.083, was determined through the statistical method of Frey et al. (10) , using 10 sera from healthy individuals and 20 sera from persons suffering from Chagas' disease (n ϭ 5), schistosomiasis (n ϭ 5), atopy (n ϭ 5), and acute toxoplasmosis (n ϭ 5).
Western immunoblotting. The identification of Leishmania antigens recognized by IgE antibodies was performed through Western immunoblotting (26), using 0.5-cm-width polyvinylidene difluoride (Immobilon; Millipore) strips containing parasite proteins which were initially fractionated by molecular weight on a sodium dodecyl sulfate-12% polyacrylamide gel (17) . The immune reactions were developed by incubating the strips with sera from CL patients and healthy controls, diluted at 1/10 in TBS-BSA, for 22 h at 4°C. After being washed with TBS-T, the strips were incubated with goat anti-human IgE alkaline phosphatase conjugate diluted at 1/2,500 in TBS-BSA for 1 h at room temperature. Next, the strips were submitted to another wash with TBS-T, and then the immune blots were revealed as purple-colored bands after the membranes were treated with 100 mM Tris-HCl buffer (pH 9.5) containing 5 mM magnesium chloride and 5-bromo-4-chloro-3-indolyl phosphate-nitroblue tetrazolium substrate of alkaline phosphatase.
Statistic analysis. The statistic Prism PC program (version 1.00; GraphPad Software Inc., 1994) and the chi-square and Mann-Whitney U tests were used to analyze the data.
RESULTS
Clinical features. The clinical profile of the 45 CL patients is shown in Table 1 . The ages ranged from 11 to 48 years (X ϭ 24 Ϯ 10.2), and there was a predominance of male gender (n ϭ 29) (64%). The duration of illness ranged from 8 to 30 days, with a mean of 25 Ϯ 7 days. One ulcerated lesion was documented in 29 (64%) of 45 CL patients, two skin ulcers were observed in 13 (29%), and 3 ulcers were registered in three (7%) cases. The diameters of these ulcers varied from 7.5 to 43.5 mm (x ϭ 17 Ϯ 7.0 mm). The leishmanial skin test was positive in 34 (76%) of 45 CL patients, presenting the reactions mean diameter of 16 Ϯ 9.0 mm.
IgE antileishmanial antibodies. Positive ELISA IgE tests were verified for 18 (40%) of 45 untreated CL patients, presenting a mean absorbance of 0.421 Ϯ 0.300 (CI [95%], 0.271 to 0.570), as shown in Fig. 1 . The treatment of these patients with a pentavalent antimonial was followed by a negativation of IgE antileishmanial antibodies in all but four cases (CI [95%], 0.016 to 0.066) (Fig. 2) . The fall of the IgE titer was not related to the cure of the disease, since there was a decrease in the absorbances even in patients that failed therapy. In four cases where the IgE titer remained positive after therapy, three had a complete cure and one failed. On the other hand, for 27 untreated CL patients who were seronegative for IgE antileishmanial antibodies before therapy, the serological immune state did not change after antimonial use. An inverse relationship was observed between the presence of serum IgE antileishmanial antibodies and the number of skin ulcers in CL patients. The size of the skin test, measured in diameter of reaction, was greater in CL patients positive for IgE antileishmanial antibodies (X ϭ 18 Ϯ 12.2 mm) than in CL patients seronegative in ELISA for this isotype of antibody (X ϭ 9 Ϯ 6.9 mm) ( Table  2) . Additionally, the skin test reactivity was positively correlated with IgE antileishmanial antibody levels detected in these CL patients. The presence of serum IgE antileishmanial antibodies did not anticipate the cure after antimonial treatment, since the percentages of therapeutic failure at day 90 were similar in the two groups, with negative or positive results for IgE antileishmanial antibodies ( Table 2 ). Western immunoblotting antigenic analysis indicated that some bands of molecular mass from 18.5 to 75 kDa, more frequently about 60 kDa, can be recognized by IgE antileishmanial antibodies in sera from untreated CL patients which were positive in ELISA tests.
DISCUSSION
The early events of leishmania infection are important in determining control or evolution of the disease. It is well known that the cure of leishmaniasis depends on the appropriate activation of the parasitized macrophages by IFN-␥ secreted by Th1 lymphocytes, under the influence of IL-12 and IL-18 (27) . When the protozoan encounters a favorable environment for producing Th2 cytokines, such as IL-4, IL-10 and IL-13, which are natural antagonists of the Th1 immune response, the multiplication of leishmania is enhanced and in-fection evolves into the disease (15, 16, 18, 27) . IgE antibodies are produced in the Th2 immune response and have been used in serodiagnosis and also as indicators of the disease activity in toxoplasmosis, cerebral malaria, and VL (2, 22, 28) .
CL is a clinical form of the leishmanial infection characterized by an evident Th1 type of immune response, documented by lymphocyte proliferation and IFN-␥ secretion. However, high levels of parasitic-specific serum IgE without B-cell polyclonal activation or hypergammaglobulinemia are also observed (21) . In this work, we documented the occurrence of IgE antileishmanial antibodies in serum for 40% of the patients with early CL which can react with proteins with molecular masses ranging from 18.5 to 75 kDa. Unlike the case with VL, this isotype of antibody was not related to the activity of the disease or unresponsiveness to pentavalent antimonial chemotherapy (1, 2) . In spite of this, there was an inverse relationship between IgE antileishmanial antibodies in serum and the number of leishmanial skin ulcers. It is well known that IgE develops its biologic antibody function after fixing the highaffinity receptor FCεRI on mast cells, basophils, and Langerhans cells, and the presence of IgE antibodies in CL could be interpreted as a protective mechanism to hinder cutaneous dissemination of the infection and to modulate the skin inflammatory response mediated by Th1 cytokines. The positive correlation between IgE antileishmanial antibodies and the diameter for the skin Montenegro test could be attributed to a synergistic effect of the late-phase inflammation originating with immune reaction of leishmanial antigens injected in the skin with specific IgE antibodies fixed on mast cells and the type IV hypersensitivity caused by this test. Finally, finding elements of the Th2 immune response in early CL, demonstrated by serum IgE antileishmanial antibodies and high concentrations of this immunoglobulin in the sera of infected patients (21) , is in accordance with previous observations of IL-4 and IL-10 mRNA in cells from biopsies of leishmanial skin ulcers (3, 11, 19, 23) . Previous study has shown a preferential IL-10 production to the detriment of IFN-␥ in early CL, with the change of this pattern occurring during the evolution of the infection, where the proinflammatory Th1 cytokine predominates (24) . Apparently, the basis of the IgE stimulation and production in early CL here reported will be better understood through the elucidation of the importance of leishmanial protease antigens in the stimulation of this isotype of antibody. In atopic diseases the enzyme allergens are implicated in cleavage of CD23, the low-affinity receptor of IgE (FCεRII), which provokes maintenance of the Th2 immune response (25) . At present, we already have verified the recognition of the purified leishmanial metallopeptidase gp63 as an antigen by serum IgE antibodies from CL patients (unpublished data), it being probably the 60-kDa protein most frequently recognized in Western immunoblotting by the CL sera evaluated in this work, and we are investigating the biological role of this immune event in CL immunopathogenesis. 
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